Introduction
Today, concrete is the most widely used construction material. Some of its notable properties are workability of the fresh concrete are compressive strength, elastic modulus, durability and thermal characteristics of hardened concrete. A knowledge of its modulus of elasticity, E, is necessary in the analysis and design of structural concrete members. The production of concrete using conventional mix design methods, are well known and documented. These conventional methods of concrete mix design used to obtain concrete of desired modulus of elasticity, MOE, involve several trial mixes with their attendant waste of time, materials and labour.
However concrete can be optimized to meet a number of performance criteria simultaneously at minimum cost. Majid (1974) defined optimization as a process that seeks for a maximum value for a function of severable variables while at the same time satisfying a number of imposed requirements. Although, optimization methods require commitment of time and money upfront, they have the potential to save money during production (Simon et al, 1997) . In this article, an optimization approach by Osadebe (2003) is adopted and used for the formulation of an optimization model for predicting the cost of concrete on the basis of its modulus of elasticity. To achieve this, experiments were carried out and the results used to develop the final optimization model based on the Osadebe"s optimization method. Osadebe (2003) assumed that a regression function, F (Z) , is continuous and differentiable with respect to its variables, Z i . By making use of Taylor"s series, the response function, could be expanded in the neighbourhood of a chosen point, Z
II. Methods 2.1Osadebe Optimization Method
Expanding Eqn (1) up to the second order gives: 
Factorizing Eqn (25 gives: 
Since the summation of constants gives another constant, let Putting Eqn(30) in a matrix form gives:
In expanded form, Eqn(31) becomes
...
……………………….. (32)
Rearranging, Eqn (32) yields 
Putting Eqn(32) in a compact form gives: It should be noted that fractional portion, Z i , is the ratio of the actual portions, S i , to the total quantity of concrete, S. Thus, the values of the fractional portions, Z i , is obtained from the values of actual portions, S i , and presented in Table 1 . The Z (n) values were used for developing the Z (n) matrix and the inverse Z (n) matrix given in Tables 2 and 3 respectively.
3.2experimental Method
Tests were conducted in the laboratory to determine the values of the response, Y i , required to determine the final response function for predicting the elastic modulus of concrete. In all, fourteen mix ratios were used for producing 28 cylindrical concrete specimen measuring 100mm in diameter and 200mm in depth. Four out of the fourteen mix ratios were used as control mix ratios for testing the adequacy of the regression response function developed in this work. The cylindrical concrete specimen were produced from Dangote cement, a brand of Portland cement conforming to BS 12 (1978) specifications, river sand that fell within zone 2 of BS 882 grading zone, crushed granite of maximum size conforming to BS 882 and B.S 812 (1983) and portable water. The concrete cylinders were cast, cured in water for 28 days and then, tested in a universal testing machine in accordance with the specifications of BS 1881 (1983). The results of the laboratory tests are presented in Table 4 Optimization Of Concrete Cost Based On Its Elastic Modulus www.iosrjournals.org 18 | Page
3.3Costing Of Materials
This section is concerned with the determination of the cheapest of all the concrete mixes that will yield a particular modulus of elasticity. Knowledge of current market price of the constituent (building) materials is very essential in the determination of the total costs of various concrete mixes. The unit prices of these constituent materials are defined as follows: 
III. Results And Analysis
The results of the experimental tests are given in 
Test Of Goodness Of Fit Of Osadebe's Regression Function.
(a) Determination of Replication Error.
The variation of replicates, S y at any arbitrary point of observation arising from instruments, tools and weather variation, is determined using Eqn (50) The replication variance and random error computations are carried out and summarized in Table 5 . 
Fishers test
The test of adequacy was performed using fishers test. The computations for Fishers test of Adequacy, are presented in Table 7 . 
Predicted Costs and mix ratios
The costs and mix ratios corresponding to concrete with an elastic modulus of 36 N/Mm 2 is given below. Table 6 shows that the maximum percentage difference between the market-based costs and the predicated costs, is 0.07%. And, the optimum mix and cost of concrete with an elastic modulus of 36N/mm 2 are 0.64:1.00:2.58:5.98 and N19, 596.72 respectively.
IV. Conclusions
An optimization model based on Osadebe theory has been successfully formulated for the determination of cost estimates of concrete based on its elastic modulus. In doing so, the first things to be calculated are the proportions that can yield a given elastic modulus, and subsequently estimates of the costs of the predicted mix proportions, are obtained.
Conversely, the model can be used to predict the elastic modulus, E, obtainable from concrete mixture of a given cost and comprehensive strength. The model can be used to determine optimum concrete mix and its cost based on its elastic modulus. The maximum elastic modulus predictable by the model is 50.04 N/mm 2 and the cheapest mix proportion that yield it, is 0.55: 1.0:2.0:3.0 with a total cost of N22, 387.78.
